[1] The November 3, 2002 Denali fault earthquake, which is the largest inland event ever recorded in central Alaska, occurred along an arcuate segment of the right-lateral strikeslip Denali fault. We use first-motion P wave polarities and inversions of teleseismic P waveforms for a fixed focal mechanism to constrain the rupture process. We find clear evidence for a substantial reverse component near the hypocenter at the beginning of the rupture. Twenty-five seconds later, rupture propagated unilaterally to the east on a strike-slip fault and released most of the seismic moment along an asperity located 170 km east of the hypocenter with a maximum slip of 8 m. This earthquake had a duration of $120 s and ruptured more than 300 km in length. Correlation with gravity anomalies suggests a relation between moment distribution and physical properties of subsurface rock units that may support a weaker middle fault segment marked by fewer aftershocks.
Introduction
[2] Alaska is mainly characterized by oblique convergence which is partitioned between active subduction along the Aleutian trench and right-lateral motion along crustal strike-slip faults. In central Alaska, a recent earthquake sequence started with the October 23, 2002 Nenana mountain earthquake and was followed 10 days later by the November 3, 2002 Denali fault earthquake, which is the largest inland event known to occur in central Alaska. Both foreshock and mainshock resulted from slip on the Denali fault system, which is an arcuate right-lateral strike-slip fault acting as a major boundary between accreted lithotectonic terranes [Plafker and Berg, 1994] . This ancient suture has a total displacement of $400 km [Lanphere, 1978] and based on estimates of Holocene displacement, a slip rate of 10 ± 2 mm/yr is predicted for the Denali fault [Plafker et al., 1993] .
[3] The November 3, 2002 mainshock was followed by an energetic aftershock sequence which continues to this date. The Harvard centriod moment tensor (CMT) location and most of the aftershocks indicate an eastward rupture relative to the rupture initiation given by the USGS Preliminary Determination of Epicenters (PDE). Apparent disparity between the first-motion focal mechanism of Alaska Earthquake Information Center (AEIC) and the CMT solution also indicates a substantial reverse component at the beginning of the rupture (Figure 1 ). According to the field data, the Denali fault earthquake produced a 40-km-long surface rupture along the north NNW-dipping Susitna Glacier thrust fault in the epicentral region and ruptured to the east along the strike-slip Denali and Totschunda faults. Total surface rupture exceeds 300 km in length with a maximum offset of $9 m [Eberhart-Phillips et al., 2003] .
[4] In this study, we have analyzed broadband P waves of this sequence in order to derive the rupture history and correlate the slip distribution with field data, aftershock locations and gravity anomalies.
Data Analysis
[5] The source rupture process is examined using vertical component teleseismic P waves with good azimuthal coverage recorded by the IRIS Global Seismic Network and other global stations. After the removal of instrument responses, P wave displacements traces are filtered between 1 and 200 s and modeled using a pulse-stripping method based on Kikuchi and Kanamori [1982] , which allows us to solve for a sequence of subevents with a fixed focal mechanism. Relative weights of observed records are chosen to enhance similar sampling from each quadrant and minimize the noise level. Synthetic seismograms are computed using a simple Earth model including a crustal layer with a thickness of 35 km and V p of 6.4 km/s over a half-space with V p of 8.0 km/s. We tested a series of half widths for the wavelet-unit trapezoid and found the best fit at 5 s. The rupture process is represented by dividing the selected fault plane into grids with an along-strike grid spacing of 10 km and vertical grid spacing of 5 km. Considering the typical seismogenic depth of continental strike-slip events, moment release is allowed to occur up to 15 km depth and to vary along the strike.
Results and Discussion
[6] We first invert P waveforms of the October 23, 2002 Nenana mountain earthquake recorded at 17 broadband GEOPHYSICAL RESEARCH LETTERS, VOL. 30, NO. 12, 1638 , doi:10.1029 /2003GL017272, 2003 Copyright 2003 stations. The best fit to the overall waveforms is obtained by using a nearly pure strike-slip mechanism (strike, dip, rake = 265°, 80°, 178°) obtained from first-motion polarities at all of the stations used in the body-wave inversion. Results show the largest pulse of moment release within 10 s near the hypocenter with very little directivity to the west (Figure 2 ). The calculated total seismic moment is 1.4 Â 10 19 Nm (M w = 6.7). Assuming a rupture length of 30 km and a width of 10 km, which is in agreement with the aftershock distribution, results in an average slip of 1.5 m.
[7] For the mainshock, we retrieved P waveforms from 24 broadband stations. At the initial stage, we tested a range of double couple mechanisms in a trial-and-error manner using nodal planes consistent with observed surface deformation. Inversion results for reverse mechanisms fit only the initial 30 sec of the P waveforms (Figure 3 ), and showed a large pulse of moment release during the first 15 sec near the hypocenter. In contrast, strike-slip mechanisms with a steep fault produced poor fits to the initial portion (Figure 3 ) but better fits to the subsequent pulses and resolved the largest episode of moment release between 40-70 s. In order to increase the level of fit to the complex waveforms, firstmotion polarities recorded in all available teleseismic and regional stations are analyzed and combined with local network data collected by AEIC. This resulted in a focal mechanism that fits nearly all the observed first-motion polarities (inset, Figure 1 ). The nodal plane, which dips to the north with an oblique component: (strike, dip, rake = 290°, 60°, 145°) in agreement with the trend of the Denali fault, provides the best fit to the multi-shock nature with the lowest misfit to the overall waveforms and is thus our preferred average fault plane. However, variance reduction for the complete length of the source time function (120 s), is still low ($40%), suggesting a change in mechanism. As seen in the map view (Figure 4) , the surface trace of the Denali fault curves over the rupture length. This fault geometry implies a space problem at its apex [Redfield and Fitzgerald, 1993] and is consistent with initial thrusting.
[8] The inversion results show the total source duration is at least 120 s with two distinct episodes of moment release on asperities (Figure 4) . During the initial 15 s, rupture occurred near the hypocenter with a slight westward propagation and released nearly one-fourth of the total moment (1.3 Â 10 20 Nm) along an asperity located 20 km west of the hypocenter. This initial subevent (M w = 7.3) can be attributed to thrusting along the Susitna Glacier fault, where 4.0 of maximum vertical displacement is mapped [Phillips et al., in press] . Approximately, 10 s after the first asperity failed, the rupture propagated unilaterally to the east on a strike-slip fault with a relatively fast rupture velocity ($3.4 km/s). Most of the moment release is contained in an energetic asperity located 170 km east of the hypocenter, adjacent to the rupture transfer from the Denali fault to the Totschunda fault, which bifurcates towards the southeast. We contour the moment release of each grid point for the entire area of the fault (320 km Â 20 km) by imposing boundary condition of zero slip at the lateral edges of the fault plane and convert to slip by using the area of the largest asperity and its associated moment. This results in a very smooth version of the slip distribution on the fault, where the maximum slip ($8 m) associated with the asperity in the east corresponds well to the largest horizontal surface offsets (Figure 4 ). Along the segment between the asperities, moment release is relatively low regardless of assumed source parameters. Within this region, only two deep patches of slip are recovered with a poor resolution which do not explain the measured surface displacements. This suggest the moment release may be smooth and outside the bandwidth of the P waveforms. The moment pulse between 100 -120 s is robust and appears to be mostly concentrated near the initial subevent, implying a non-uniform rupture history, which might be due to the interaction between Denali and Susitna Glacier faults. [9] In general, the overall extent of the rupture agrees with the aftershock locations. For comparison, relocated aftershocks taken from Ratchkovski et al., (Aftershock sequence of the M w 7.9 Denali fault, Alaska, of 3 November, 2002 from the regional seismic network data, submitted to Seismol. Res. Lett., 2003) , are included in this paper. Foreshock rupture and related seismicity is located in the vicinity of the initial subevent and may have provided the trigger for the mainshock (Figure 4) . Widely distributed aftershock clusters also indicate a potential for possible triggering of nearby faults that may explain the aftershock occurrence within the asperities. As an example, aftershocks that cluster in a 30-km-wide zone near the hypocenter are consistent with activation of both strike-slip and north dipping thrust faults. Another remarkable aftershock cluster including the largest aftershock (M L = 5.8) falls in the area adjacent to the asperity in the east. Particularly interesting is the lack of aftershocks within a 40-km-long segment centered 45 km east of the hypocenter (Figure 4) .
[10] Correlation of the Bouguer gravity anomalies (USGS-GUMP) with results from our preferred rupture model shows the relation between moment release distribution and physical properties of subsurface rock units ( Figure 5 ). In general, the location of asperities coincides with intense gravity gradients, which may indicate a crustal boundary between rocks with different densities. Moreover, a distinctive zone of low gravity also lies between the two asperities where P wave moment release is relatively low. This zone can be attributed to the weakness of low-density rocks. Indeed, the area marked with the lack of aftershocks is located inside the same zone and also support the existence of a weaker middle segment. In this sense, more intensive geophysical and geodetic studies are needed to understand the spatial heterogeneity along the fault.
[11] We obtain a total seismic moment of 5.02 Â 10 20 Nm, which gives a moment magnitude M w of 7.7. This value is less than the moment magnitude (M w = 7.9) obtained by the Harvard CMT using the long-period phases. Using simplified rupture dimensions (320 km Â 15 km), we calculated an average displacement of 3.5 m and an average stress drop of 4.5 MPa. Even considering a possible under estimation of the total moment given by our solution, the stress drop is still smaller than typical intraplate events that occur within plate interiors [Kanamori and Allen, 1996] . For example, the 1987-1988 Gulf of Alaska oceanic intraplate events with strike-slip mechanisms (M w = 7.8; M w = 7.7) had short durations (36 and 20 s) and rupture lengths (110 and 40 km) relative to the similar magnitude Denali fault earthquake, suggesting a possible strength difference between oceanic and continental lithosphere [Hwang and Kanamori, 1992] . In this respect both the slip rate and recurrence times for the Denali fault are also not typical for an intraplate classification [Scholz et al., 1986] and may indicate less strain hardening. 
